As a part of the development process, India is currently going through a transformation from agriculture based economy to industry and service lead urbanized economy. However, no formal quantitative research has been done on this phenomenon. In this perspective, based on Matsuyama's (1992) theoretical framework and using panel data model, the impact of agricultural activities on urbanization in India is analyzed in this paper. For the analysis 15 major agricultural states of India are considered for the period of 1981 to 2015 by sourcing data from mainly Census of India and Ministry of agriculture, government of India. The empirical estimations reveal that the higher share of agriculture in GDP, amount of cultivated land area, and rural male employment in agriculture have had a negative effect on urbanization in India. On the other hand, higher consumption of fertilizer, state government expenditure on agriculture, production of major crops (wheat, maize, jowar, and bajra), rural female employment in agriculture, and rural literacy rate have had a positive impact on urbanization. The results also show that the effect of agriculture productivity is positive on urbanization for a less trade open economy like India. Finally, it is suggested that there is need of higher agricultural development in order to achieve a higher level of urbanization in India. For this purpose use of technology in agriculture sector along with higher level rural education is required. Finally, we need to have balanced rural and urban policy for a smooth rural-urban transformation in India.
I. Introduction
In recent decades, India has been experiencing rapid urbanization, represented by significant changes in its demographic composition and large-scale expansion of its urban landscape. For instance, total urban population jumped from 78.94 million in 1961 to 377.10 million in 2011 which is about 388 % increase. 1 The percentage of urban population (or number of cities/towns) increased from 17.97 % (or 2657) in 1961 to 31.16 % (or 7935) in 2011. In contrast, increase in the country's rural population was at a much slower rate; it increased from 36 million in 1961 to 83 million in 2011, i.e. a mere 131% increase. This indicates that urban population in India is growing at a much higher rate along with a significant decline in the share of rural population..
Figure 1: The urban and rural population of India, 1901-2011
Source: Authors' using data from Census of India Rural India is experiencing not only a decline in its rate of growth as well as share of population in the total, but also a decline in its contribution to national GDP. Figure 2 shows that the total contribution of agriculture sector to total GDP of India is declining significantly. For instance, in 1981 the contribution of agriculture to GDP was 36 % but it declined to 14 % in 2015. On the other hand, the limited urban GDP data currently available in the public domain shows that the share of urban sector's contribution to total GDP has increased significantly over time, i.e. from 1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 2001 2011 
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Total Rural Urban monsoon which is often unpredictable; therefore it is has been characterized by disguised and seasonal unemployment. The decline in employment opportunities in the agriculture and lower productivity level are the major reasons for the decline in the share of agriculture sector to total GDP. On the same logic, it could be construed that the increasing share of industry and service has also lead to the decline in the share of agriculture in GDP. 
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The discussion clearly indicates that India is experiencing a transformation from agricultural lead economy to industry and service based urban economy. In fact, this transformation is an inevitable stage of development, which had been experienced by many developed countries in their early stage of development. The basic reason behind this phenomenon is that the resources (e.g., land, worker etc) which are excess in rural areas (mostly in developing countries) are being released and absorbed in the urban areas. Since urban area provides the advantage of higher productivity, the resource shifting from rural to urban sector leads to higher economic growth of the country through increasing rate of urbanization. In this phase of development, demand and supply side economics play an important role. Demand side factors such as higher income/job opportunity, higher level of standard of living and higher accessibility of basic infrastructure pull the rural population into urban areas. On the other hand, higher level of agricultural productivity works as a supply side factor in releasing rural resources for the urban areas.
In this perspective, the present paper examines the role of agriculture in the urbanization process in India. The empirical estimation on the role of agriculture on urbanization is mainly based on Matsuyama's (1992) the highest ever urban population growth rate (i.e., 3.79 % annual exponential growth rate).
Panel data model is employed for the empirical estimations in this paper.
The paper is organized as follows. Section 2 presents a review of literature. Sections 3 and 4 describe the theoretical explanation and empirical framework for the estimation, respectively.
Empirical results and discussion presented in sections 5 and 6, respectively. Finally section 7
summarizes the research findings and policy implications.
II. Review of literature
Modern urbanization is mainly based on higher productivity which comes from industrial and service sector activity. The "pull factor" such as, higher job or income opportunity motivate people to move from rural to urban areas. However, even if a country is highly urbanized and produces good amount of urban production, a good amount of its labour force has to remain in rural areas unless agriculture can provide the necessary productivity gains to feed the urban population (Tolley and Kripalani, 1974) . In fact, Motamed et al. (2010) found that the geographical areas with more favorable natural agriculture endowments tend to get urbanized sooner. Historically, higher agricultural productivity with less manpower has helped to shift labour out of agriculture and move to industry based urban areas. Nurkse (1953) showed that Industrial Revolution would not have been possible without the Agricultural Revolution that preceded it. 3 Johnston and Mellor (1961) showed that in the following five ways agriculture contributes to over-all economic growth: (1) supply of food for urban sectors; (2) supply of foreign exchange from agricultural export; (3) supply of surplus labor for industrial sector; (4) supply of savings for industrial investment; (5) provision of domestic market for industrial expansion. It is important to note that all these mechanisms mainly rely on and also facilitate urbanization. Therefore, urbanization is the main intermediate in many models which address the role of agriculture in economic growth (e.g., Lewis, 1954; Matsuyama, 1992; Gollin et al, 2002) .
In brief, economic models support the positive role of agriculture on urbanization.
It is also seen that agricultural productivity may negatively impact urbanization. According to Lewis (1954) and Harris and Todaro (1970) model, urban/rural wage differential is the main driving force behind the rural urban migration. The improvements in agricultural productivity increases rural wages and discourage rural people migrate to urban areas. This effect is similar to the resource movement effect in the "Dutch Disease" (Corden and Neary, 1982) . On the other hand, adverse rural conditions (e.g., lower wage rate) encourages rural people migrate to urban areas (Kamerschen 1969; Pandey 1977; Firebaugh, 1979) . The study also finds that rural poverty is one of the main contributors to rapid urban growth (Barrios et al., 2006) . This indicates that it is a depressed, rather than a prosperous agriculture sector that ultimately leads to higher urbanization.
From the above review of literature it is clear that agriculture has conflicting impacts on urbanization. In this context, Matsuyama (1992) proposes that the openness of economies needed to be taken into account. 4 Matsuyama (1992) Encourage to stay (Migration literature) in agriculture
Source: Li et al. (2014) 4 This discussion is mainly based on Li et al. (2014) .
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There are some important empirical studies that have tried to link agricultural activity with urbanization. Malik and Ali (2015) examine the impact of urbanization on agriculture sector in Pakistan. Their finding is that both the percent of GDP and annual percent of growth have a negative relationship with urban population, while the size of cultivated land and urbanization has a positive relationship. Binswanger-Mkhize et al. (2016) investigate the impact of the urban growth on agricultural and rural non-farm income growth in Kenya. The study finds that urban growth has a large effect on education, followed by commercialization, and then on the use of modern varieties of crops. Winfield (1973) examined the relationship between urbanization and agriculture. The study described that the technological transformation of agriculture has much larger effects on urbanization and has operated as push-pull force on the city ward movement of people even as farm functions have moved to the city. Jiang et al. (2013) examined the impact of urban expansion on agricultural land use intensity in China. The study found that urban expansion is associated with a decline in agricultural land use intensity and GDP growth in the industrial sector negatively impacts agricultural land use intensity. Rondinelli (1986) analyzed the urban transition and agricultural development in Kenya, Mexico, Panama, and South Korea.
The study revealed that the pace of the urban transfer is determined by the rate of capital accumulation in industry; increases in industrial investment would expand production and, in turn, increase the demand for labor. Iheke and Ukandu (2015) examined the effect of urbanization and other factors on agricultural production in Abia State. The OLS regression results of the effect of urbanization and other factors on agricultural productivity revealed that farm size, fertilizer-use, land tenure system, etc. have significant and positive impacts on farm productivity. On the other hand, urbanization and duration of land use have negative impact on agricultural productivity. Berry (1978) studied the effect of urbanization on agricultural activities in New York and New Jersy. The study concluded that farming activities that are considered nuisances by new suburban residents of the area may be legislated against. Li et al. (2014) analyzed the relationship between agricultural productivity and urbanization based on The review of literature clearly indicates that more quantitative research is needed to assess the effect of agricultural activity on urbanization in India. This paper tries to plug this gap.
III. Theoretical explanation
The model by Matsuyama (1992) assumes that, economy is divided into two sectors i.e. agriculture and manufacturing. Let is the share of urban manufacturing labor at time t, then is the manufacturing output at time t and is the agricultural output at time t; this can be written as follows:
Here, and are multipliers and represent the agricultural and manufacturing productivities.
G ( ) and F ( ) represent the production function of agriculture and manufacturing. The standard assumption is that labor is the main input in the economy and in the manufacturing sector permits to doing work through learning by doing. If the economy is open, agriculture and urbanization are negatively related with each other.
For closed economy:
For open economy:
In the next step, Li et al. (2014) replaced the open-closed dichotomy with economies which differ along a continuum of openness. Most importantly, the specification is such that the effect of on is allowed to vary in accordance with a smooth transformation function, :
Where, g is the function of economic openness or trade openness different degree of openness will result in different coefficients like + * . Li et al. (2014) used logistic function: So, with increase in openness, the impact of agricultural productivity on urbanization declines.
IV. Empirical framework
Empirical explanation is based on the above theoretical explanation. This theoretical model explains that agriculture productivity and urbanization are positively correlated in a closed economy and negatively correlated in an open economy. This empirical work tries to analyze the relationship between agriculture and urbanization in major states of India. For analyzing the impact of agriculture on urbanization, following panel data model is used in the paper.
The dependent variable is total urban population (UP), and X is a matrix of explanatory variables. α i is a vector of regression coefficients to be estimated and δ t , ƞ i follows the standard meaning of panel data. Based on the literature review and common knowledge, the study considers various independent variables to measure agricultural activity in India. Variables like total agriculture output, its growth rate and also some major crops productions (i.e., rice, wheat, maize, Jowar, Bajra and pulses) in India are used to ascertain the impact of agriculture on urbanization in India. We expect that higher level of agricultural production has positive effect on urbanization in India as it associated with higher level of agriculture productivity (Malik and Ali, 2015; Li et al., 2014) .
On the other hand, percentage share of agriculture to total GDP and amount of cultivated land area have a negative effect on urbanization. It is obvious that if a country tries to have higher share of agriculture GDP to its total GDP and using more land for cultivation, the country can be defined as agriculture based country, and may have lower level of urbanization rate. Higher consumption of fertilizer and higher government expenditure on agriculture increase productivity in the agriculture sector. Hence the assumption is that agriculture impacts urbanization positively. Iheke and Ukandu (2015) also found a positive impact of consumption of fertilizer on urbanization in Abia state. Higher level of rural employment in agriculture sector also reduces urbanization as it does not support rural to urban migration which is essential for higher level of urbanization. However, urban employment in agriculture sector may not have any impact on urbanization since urban workers are very small number they mainly engage themselves in industry and service sector. This idea has been formalized in Rondinelli (1986) . 5 The higher deficit of rainfall promotes urbanization but good rainfall may not as it may provide better climatic condition for agriculture production and dampen rural to urban migration through higher agriculture production. So the degree of rainfall also influences urbanization. Higher level of rural literacy rate also increases the rate of urbanization as it helps rural to urban migration for higher level of education and better job opportunities. Based on the theoretical prediction by Matsuyama (1992) it can be concluded that India's present trade openness would have a positive effect on urbanization. It is a vague concept and not easily measured. Due to unavailability of state level import data, trade openness is measured as the ratio of total export in the numerator and state GDP in the denominator. As the export data available in current prices we use GDP also in current prices.
Ministry of Commerce, Govt. of India. 2006 , 2007 , 2010 , 2011 , 2012 , 2013 Here, due to the scanty data currently available on urban growth and share of urbanization, this study uses total urban population as the dependent variable. Since, urban data is available only for Census period, data for this study is obtained by interpolating available data for the while study period. Table 2 represents the descriptive statistics (means, standard deviation, minimum and maximum)
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V. Empirical Results
of each variable used in regression analysis. As Table 2 illustrates, coefficient of variation is low for number of rural female employees in agriculture sector, rural literacy rate, share of The interpolation of urban population data for 1982 is obtained by the following method of interpolation; urban population data for 1981 and 1991 is given by Census of India. The first step is to calculate the annual growth rate of urban population (r) = (Ln( 1 / 0 ))/t. Here, 1 is 1991, 0 is 1981 and t is time interval between 1981and 1991. The second step is to calculate the exponential growth rate of urban population for the year of 1982 (i.e. e = exp ( * )). Then, in last, = 0 exp ( * ), where is urban population at time 1982, 0 is urban population for the time period of 1981, r is annual growth rate of urban population, t is time interval between 1981( 0 ) and 1982 ( 1 ). By applying this interpolation method one can generate the urban population data for other years. agriculture to total GDP and total cultivated land. On the other hand, coefficient of variance is high for use of fertilizer, growth rate of agriculture production, wheat, bajra, maize and total agriculture production. Table 3 examines the correlation coefficient of agricultural variables used in the fixed and random effect models. The values of correlation coefficient (r²) show that total urban population is negatively associated with the percent share of agriculture in total GDP (i.e. r²-0.4) and economic openness (i.e. r² -0.2). On the other hand, total urban population is positively associated with total cultivated land (i.e. r² is 0.8), use of fertilizer (r² is 0.7), annual rainfall (i.e. r² is 0.03), total agricultural production (i.e. r² is 0.8), growth rate of agricultural production (r² is 0.7), total rice production (i.e. r² is 0.3), total jowar production (i.e. r² is 0.02) and total pulses production (i.e. r² is 0.9), total wheat production (r² is 0.7) and rural literacy rate (r² is 0.5). Regression model 1 shows that the share of agriculture and log of cultivated land area have a statistically significant (at 1 %) negative effect on log of urban population. This results support the expected hypothesis. In particular, 10 per cent increase in the share of agriculture (or log of cultivated land area) decreases the log of urban population by 0.18 (or 2.96) per cent. However, the growth rate of agriculture output, total agriculture GDP, use of fertilizer in agriculture and average rainfall do not show any statistically significant effect on size of urban population in regression model 1. The result supports the findings of Malik and Ali (2015) and Li et al. (2014) .
Regression model 2 shows very interesting and satisfactory results. Both the amount fertilizer used and amount of expenditure in agriculture have a positive (as expected) and statistically significant (1 % level) effect on log of urban population size. The estimated results show that a 10 percent increase in use of fertilizer (or expenditure in agriculture) increases urban population size by 6.8 (or 2.6) percent. This is supported by Iheke and Ukandu (2015) . The result shows that production of rice, maize and pulses has a statistically negative effect on log of urban population.
On the other hand, production of wheat, jower, and bajra has a positive (at 1 % level) effect on size of urban population. Regression model 1 does not find statistically significant effect of total agricultural output on urbanization, but regression model 2 shows interesting results, i.e. that some of the specific agriculture outputs have positive and some have negative impact on urbanization.
Regression model 3 shows that employment in agriculture sector has an impact on urbanization in India. Most importantly, rural male employment in agriculture sector has a statistically negative (at 5 % level) impact on urbanization in India. In contrast, rural female employment in agriculture sector has statistically significant (at 5 % level) and positive impact on urbanization in India. In particular, a 10 percent increase in rural male (or female) employment in agriculture sector reduces (or increases) urbanization by about 0.26 (or 0.37) per cent. The result is in line with the finding of Rondinelli (1986) .
Regression model 4 adds rural literacy rate as one of the independents variable. The estimated results show that a 100 percent increase in rural literacy rate leads to increase in urbanization in India by about 1.1 percent. The estimated coefficient is statistically significant at 1 percent level.
However, the significant level of jowar production has gone down from 1 percent level in regression model 2 to 5 percent level in regression model 4. On the other hand, bajra and pulses production have a similar effect (as in regression model 2) on urbanization in India.
Finally, regression model 5 shows that the coefficient of the interaction of openness and agriculture output has a positive and statistically significant effect (at 1 % level) on urbanization in the major agricultural states in India. The result supports the expected hypothesis and show that a 10 % increase in trade openness which is multiplied with agriculture production, increases urbanization in India by about 3.7 percent. This finding supports the main hypothesis of this research work and supports the findings of Matsuyama (1992) and Li et al. (2014) .
Finally, maize production which has a negative impact in regression model 2, has a positive and significant (at 5 % level) affect on urbanization in India in regression model 5. However, the significant impact of maize production has gone down from 1 % in regression model 2 to 5 % in regression model 5.
VI. Discussion
The negative impact of the share of agriculture and cultivated land area on urbanization clearly
indicates that when agriculture activity increases urbanization rate decreases. In other words, household investment in agriculture (Roy, 2001) . As a sizable amount of public expenditure is meant for creating and facilitating infrastructure and as it augments productive capacity, the level of public expenditure is crucial for growth of output. Higher agricultural productivity provides surplus food and agricultural products by using fewer workforces, and thus allows rural to urban migration which actually becomes the main thrust behind higher level of urbanization. It is also very much evident that agriculture productivity has increased over the decades. (Davis, 1955; Tolley and Kripalani, 1974; Motamed et al, 2010; Li et al., 2014) .
The result of the study shows that except rice and pulses production, others (i.e., wheat, maize, jowar, bajra and pulses) have a positive effect on urbanization in India. This also indicates that higher agricultural production caused by higher productivity, has had a positive effect on urbanization in India. It is important to note that India is one of the largest producers of rice in the world, accounting for about 20% of all world rice production. It is India's principal and the staple food of the people of the eastern and southern parts of the country. In India, one-fourth of the total cropped area is covered by rice and it provides food for about half the Indian population.
Though India has witnessed spectacular progress in rice production, but the yield of 3.59 kg metric ton per hectare in 2015 is much low compared to 6.81 kg in China, 8.49 kg in America, 6.71 kg in Japan and 6.91 kg in South Korea. This means that there is still vast scope for increasing productivity/production. This will have to be done by increasing yields because scope for increasing area under rice crop is negligibly small. In fact, India's agriculture sector provides about 51 percent of total employment. Most importantly, the green revolution which was implemented with a view to increase agriculture productivity in India was mostly focused on to
increasing production of what rather than rice in the states of Punjab, Haryana and Uttar Pradesh.
The wheat production involved use of more technology compared to rice. This clearly indicates that rice production should be made more technology-intensive so that it increases production and also releases worker to migrate. However, if pulses are cultivated instead of rice, the high demand and income from it may motivate farmers to stick to rural areas and not to migrate to urban centers. Such a development may not be very conducive to urbanization.
The results reveal that rural male employment in agriculture sector has a negative effect on urbanization, and therefore it is principal determinant of rural-urban migration and urbanization.
It means that if urbanization is to be intensified in the country, rural workers who are principally engaged in agriculture need to be encouraged to migrate to urban centers. If more women are engaged in agriculture, more and more male workers would be enabled to migrate to urban centers. For this reason rural female employment has a positive impact on urbanization in India.
Rural literacy rate also has a positive impact on urbanization in India. This is one of the crude dimensions of rural education. However, the results highlight that higher level of rural education does have an impact on urbanization in India. Education is one the main vehicles which enables rural people to migrate to urban areas for pursuing higher levels of education and/or to get employment. 
VII. Conclusions and policy implications
The paper analyzes the impact of agricultural activities on urbanization in India. The findings of this research work empirically validates Matsuyama's (1992) Based on the above findings, the following policy prescriptions are made, which it is hoped would s smoothen the required transition from agriculture based economy to industry and service lead urbanized economy in India.
First, it should be noted that initially in the process of increasing urbanization, the share of agriculture will obviously decline, but it has to be kept in mind that productivity of agriculture has to increase to ensure supply of food-grains to the urban dwellers. In order to increase productivity, it is imperative to use and advanced technology and farming techniques for the major crops such as rice. This can be done by increasing government expenditure on agriculture and increase consumption of fertilizer. It would not only increase agriculture productivity but also it will release the surplus agriculture labour, which will facilitate rural to urban migration and also urbanization.
Second, it should be borne in mind that decreasing in the extent of cultivated land area is a prerequisite for higher urbanization. It should also be remembered that we should not divert fertile land for this purpose. Instead, agriculture productivity should be increased through the use of advanced technology and innovative farming methods. It is also necessary to minimize diversion of land for urbanization.
Third, rural education is necessary for the higher urbanization India. The lower level of rural education is one of the main problems behind the lower level of rural-urban migration. The migration rate of working age adult (those aged 25-49) males ranged from 4 to 5.4 percent over the period of 1961-2001. The simplest reason for India's low mobility could be the small difference between rural and urban wages. Karan and Selvaraj (2008) found that at constant 1993-94 prices, average daily wages of regular rural worker was Rs. 74.01 and Rs. 96.12 for urban worker. In contrast, for rural casual worker, it was Rs.27.04 against Rs.34.08 for urban casual worker. This indicates that the rural urban wage gap is higher only for skilled worker and not for unskilled worker. Therefore, it is suggested that in order to increase rural to urban migration it is necessary to increase the skill-level of the rural workers through providing rural education.
Fourth, the available (limited) trade data shows that agriculture productivity has a positive effect on urbanization in India. This indicates that in line with the prediction of Matsuyama's (1992) theoretical model, for the supply of food and other agricultural products, the country depends mainly Indian agriculture as the country still has a less open economy. India's global export (or import) share is currently 1.62 (or 2.34) per cent. Agricultural products constitute about 13.2 % of the country's total exports. Therefore, it is India should endeavor to perform better in the world export market. In fact, several world-countries have faced the discomfiture of higher exports in the early stages of their development process. Eventually, developed counties have reached a position where increase of urbanization is much lower than in the developing countries. It is only natural to assume that India will need quite a long time to reach that situation. But it is necessary to promote urbanization to achieve industrialization, which in turn will increase India's export share in the world-trade. However, the increase in agricultural productivity will facilitate higher export in agricultural products besides helping urbanization.
Finally, we suggest that transformation from rural based economy to urban based economy is unavoidable phenomenon as it is the crucial stage of development. Agriculture has a positive effect on urbanization. Therefore, development in agriculture is essential for higher urbanization in India. Recently, some Indian studies (e.g., Tripathi, 2013; Tripathi and Mahey; Mitra and Mehta, 2011) found that India's urbanization has a very strong positive effect on economic growth. However, we need a planned urbanization with strong agriculture development policy for the overall development in India. Kernel density estimate
